INTRODUCTION
Polyurethanes and epoxy resins occupy an important place among the many known macromolecular compounds described in the literature. Owing to their good utility properties, such as mechanical strength, hardness, and especially excellent elasticity, vibration damping and abrasion resistance, the polyurethanes find application as foams, elastomers and chemical fibres, as well as coatings and adhesives. For their part, the epoxy resins, being characterised by excellent mechanical strength, chemical resistance, thermal stability and very good adhesion to various types of substrates, are used as the matrix in constructional composites, and as insulating and anticorrosion coatings, and adhesives.
Despite their many advantages, both the polyurethanes and the epoxy resins display certain unfavourable utility properties, limiting their possible applications. In the case of polyurethanes this is inadequate heat resistance, whereas the main drawbacks of epoxides are their brittleness and relatively low impact strength.
In view of the demand for new polymer materials with improved utility properties, research has been undertaken into the modification of both of the aforementioned polymers based on mixing them with appropriate additives. There have been attempts to increase the heat resistance of polyurethanes for example by introducing isocyanurate rings [1] [2] [3] or by forming an interpenetrating polymer network (IPN) with unsaturated polyester resins [4] . Modification of epoxy resins has also received attention in many works, with the aim of improving their elasticity and impact strength; the following are some examples of additives that have been used for this purpose: butadieneacrylonitrile rubbers [5] [6] [7] [8] , thermoplastic polymers [9] [10] [11] [12] , polysiloxanes [13, 14] and inorganic fillers [12, 15] .
There are also numerous publications -discussed later in this article -concerning the production of new materials combining the advantages of both the polyurethanes and the epoxy resins. For example, by incorporating epoxy resins in polyurethanes, polymers have been obtained with increased thermal stability, improved mechanical properties and limited combustibility. The presence of elastic polyurethane chains in a crosslinked epoxy resin has a beneficial influence on its impact strength and elongation at break.
There are two main directions of research into the mutual modification of polyurethanes and epoxy resins. The first makes use of the reaction of epoxide rings with isocyanate groups in the presence of catalysts at a temperature of about 150°C, leading to the formation of heterocyclic oxazolidone rings with high thermal stability. The second, far more prevalent direction is polymerisation of epoxides and urethanes either in the presence of the same crosslinking compound, or using different crosslinking mechanisms. In both these cases, networks of the IPN type form, in which the polyurethane and the epoxy resin may be joined just by physical penetration ("entanglement") of the chains, or there is additional chemical binding, forming a so-called graft-IPN. Formation of an IPN may be accompanied by partial separation of the polymer phases, which has a significant influence on the properties of the product.
This article, which is the first part of a more extensive review of mutual modification of epoxy resins and polyurethanes, deals with polymers with oxazolidone rings. The next part will discuss products of the IPN type.
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METHODS OF PRODUCTION
The first reports of the production of polymers as a result of reaction of a diepoxide derivative of vinylcyclohexene and tolylene 2,4-diisocyanate in the presence of quaternary ammonium salts as catalyst date from the year 1958 [16] . The products were difficultly soluble, which might have indicated their partial crosslinking, but unfortunately they were not characterised more thoroughly.
The next studies related to reactions of various epoxy resins [17] , both aromatic and aliphatic, with a number of isocyanates (mainly tolylene diisocyanate -TDI and diphenylmethane diisocyanate -MDI), in the presence of catalysts -triethylamines [18] , tetramethylammonium bromide and iodide, pyridine [19] , n-BuOLi and t-BuOLi [20] , 2-ethyl-4-methylimidazole [21] or benzyldimethylamine [22] . Formation of oxazolidone (OX) rings was confirmed by IR spectroscopy and elementary analysis.
The mechanism of formation of oxazolidone rings proposed by Dileone [20] assumes there is initially formation of urethane anions [Equation (1)], which later act as the catalyst of the second step, in which the anion attacks the epoxide ring and an oxazolidone ring is formed [Equation (2)].
A different mechanism was proposed by Speranza and Peppel [16] -Equation (3) -who assumed there is opening of the epoxide ring under the influence of a catalyst, and then reaction of the resulting anion with the NCO group, with formation of an oxazolidone ring.
Tracing the course of the polymerisation process by differential scanning calorimetry combined with IR spectrometry [22] revealed a series of successive reactions closely connected with the temperature at which the process is carried out and the initial molar ratio of isocyanate groups to epoxide rings (I/E). It was found that in the first place there is reaction between isocyanate groups and secondary hydroxyl groups, which may be present, usually at a very low level, in epoxy resins. This reaction takes place at temperatures in the range 45-70°C and leads to the formation of urethane linkages [23] .
In the case of the most commonly used low-molecular epoxy resins (e.g. glycidyl diethers of bisphenol A) that do not contain OH groups, the first reaction occurring in the system under discussion (at about 80°C) is trimerisation of the NCO groups and formation of isocyanurate rings [22] . In the next step, at a temperature of about 130-180°C, the epoxide groups react with the remaining free isocyanate groups to form oxazolidone rings. In this temperature range the isocyanurate rings are stable, and it is only after exhaustion of the isocyanate groups and at higher temperature (about 300°C) that they break down to free NCO groups, which then react with epoxide rings. The course of the reaction is represented by Equation (4).
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The resulting polymer can contain various types of linkages and groupings, depending on the initial I/E ratio. When the I/E ratio is 0.5, and therefore there is an excess of epoxide groups, mainly linear poly-2-oxazolidones form, as well as a small quantity of ether groups that formed as a result of homopolymerisation of epoxide groups (catalysed by tertiary amines), but there are no isocyanurate rings [22] . However, these rings occur in the product if there is an excess of isocyanates (I/ E > 1.0) and become trifunctional crosslinks, increasing the crosslink density of the polymer.
Use of 2-ethyl-4-methylimidazole as the catalyst (Ref. 24 ) causes lowering of the temperature of the individual reactions mentioned above and increase in the proportion of homopolymerisation of the epoxide rings, though this was not confirmed by the authors of another work [ 21] .
It has also been observed (Ref. 17 ) that as a result of using an equimolar ratio of aromatic epoxy resin to isocyanate, a product is obtained with considerable preponderance of isocyanurate rings over OX. In the case of an aliphatic epoxy resin the same equimolar I/E ratio causes formation of an oxazolidone polymer with a small proportion of isocyanurate structures.
An interesting solution from the standpoint of industrial practice is replacement of catalysts with isocyanates blocked by amino groups [24] . On heating to 150°C there is deblocking of the NCO groups, and the amine that is released catalyses the formation of both oxazolidone and isocyanurate heterocyclic rings. This system is stable at room temperature and can be stored for more than a month.
THERMAL PROPERTIES
The chemical structure of the substrates, their stoichiometric ratio and the conditions in which the process is carried out have a significant influence on the viscoelastic properties and thermal stability of the polymers that are formed [17, 22, 25, 26] . Kinjo et al. [17] investigated the products of reaction of modified MDI of low viscosity (L-MDI) with aromatic and aliphatic epoxy resins. When the I/E ratio is equal to 1.0, the values of the glass transition temperature (T g ) of polymers obtained from aromatic or cycloaliphatic epoxides (diglycidyl ethers of bisphenol A, bisphenol F, dicyclohexanolpropane and novolacs) were approx. 200°C, whereas for aliphatic epoxy resin it was approx. 0°C. However, with I/E = 5.0, the glass transition temperature of products based on aliphatic epoxides rose to 10°C, but of those based on aromatic epoxides to over 300°C. This effect was caused by preponderance of isocyanurate rings over oxazolidone rings forming in conditions of higher values of the I/E ratio. As this ratio increased, there was also peak broadening of the tangent of the loss angle, providing evidence of various mechanisms of energy dissipation during transition from the glassy state to the viscoelastic state [17] .
A similar shift in T g towards higher values with increase in I/E was observed in an investigation of the system MDI/ diglycidyl ether of bisphenol A/benzyldimethylamine [25] . Polymers with a higher isocyanurate content (more crosslinked) were characterised by a glass transition temperature of up to 300°C, whereas T g of polymers obtained in conditions with an excess of epoxide groups (I/E < 1.0) -with lower crosslink density, therefore with greater mobility of the chains -was approx. 120°C.
Thermogravimetric studies indicate multistage breakdown of polymers containing urethane, oxazolidone and isocyanurate groups. The thermal stability of these groups increases in the order: urethane groups < oxazolidone rings < isocyanurate rings. Thermal breakdown of the urethane groups begins at approx. 280°C, whereas that of the oxazolidone rings begins at approx. 330°C. Comparative studies of the thermal decomposition of model oxazolidone compounds [Formula (I)] show that chain scission occurs in the place marked with symbol A at a temperature >360°C. Lowering of the temperature of the start of decomposition in the polymers under investigation is caused by scission in the place marked with symbol B of the bond originating from bisphenol A with the epoxy resin; this scission takes place quite suddenly at approx. 350°C [27] .
At even higher temperature there is breakdown of isocyanurate rings: those formed from hexamethylene diisocyanate (at 410°C) and those derived from MDI (at 440°C). This is connected with the greater stability of aromatic isocyanates and the reactions of crosslinking accompanying decomposition and the formation of nonvolatile decomposition residues, as a result of which the Formula (I) mass loss measured by thermogravimetry is less. At a temperature of 450°C there is also scission of the bond in the place marked C.
The thermal stability of oxazolidone-isocyanurate polymers is affected not only by the chemical structure of the monomers, but also by the ratio of the contents of isocyanurate and oxazolidone rings in the final product; these factors arise from the ratio of isocyanate to epoxide groups in the substrates.
The direction of research presented here offers quite appreciable possibilities in the area of modification of polyurethanes and epoxy resins. However, reports on this subject in the literature have been less numerous in recent years compared with the research already mentioned relating to interpenetrating polymer networks; these polymers will be the subject of the next part of our work.
